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1 
This thesis deals with the study of the effects of Veriloid and 
several pure alkaloids of veratrum on isolated small intestine of the 
rabbit and intact intestine of the trained unanesthetized dog. 
Part I contains a discus s ion of the nature of the problem, a 
description of the pharmacologic agents employed, some pertinent 
words regarding the physiology of isolated and intact intestine, and 
the methods utilized in the investigation. Part II discussed the spec -
ific effects of these agents upon the intestine. 
1 - Veriloid, trade mark of Riker Laboratories, Los Angeles, 
California. 
PART I * HIT'RODUCTION 
A. The Nature of the Problem: 
Rene1ved interest in veratrum preparations has occurred 1vithin the 
past several years. The promising results of clinical (25) and ex-
perimental (12, 13, 21) efforts to reduce blood pressure by means of 
these agents have prompted the search for purified fractions o:: the 
crude drug. 
Considerable effort has been expended in studying the effects 
of veratrum on cardiovascular dynamics and skeletal muscle (7)• 
Until recently, Veratrine, a mixture of several alkaloids, was the 
predominant preparation inve s tigated. Pure alkaloids and reproducible 
extracts of veratrum have now, to a great de gree , supplanted Ver-
atrine. Extensive pharmacologic investigation of Veriloid and deve-
lopment of an assay method using unit blood pressure fall in the 
anesthetized dog , have shown it to be a reproducible mixture of 
active veratrum alkaloias (13)· This same method of assay has been 
ap plied to the pure veratrum alkaloids and their hypotensive potencies 
are available (12). The aims of this study were (a) to obtain in-
formation concerning the relative spasmogenic effects of these agents 
and the locus of this action and (b) to determine the relationship 
bet1-1een the hypptensive and spasmogenic potencies. Such information 
might offer potentialities as a more accurate means of assay of 
clinical preparations or as a method of follm-1ing the concentration 
of veratrum in the blood or other body fluids. 
B. The Veratrum Alkaloids and Extracts: 
( 1) Chemistry 
1 . 
Veratrum alkaloids and extracts are derived from several 
sources. The most common of these are the roots of Veratrum viride -
Aiton (green hellebore) found in North America, the roots of 
Veratrum album - Linne (white hellebore) o£' European origin, and 
Asagroea officinale - Lindley (sabadilla), native to South America. 
These plants c ontain a variety of alkaloids, alkamines, organic 
acids, acrid resins, gums, fat, and starch (7)• The potent depressor 
alkaloids are esters i·lhereas their hydrolysis products (7), alkamines 
and organic acids, are relatively impotent. (12) (Table 1). The 
chemical configuration of the alkamines has not yet been completely 
defined although present evidence suggests the presence of the basic 
sterol structure (7)· 
Veriloid is a mixture of a~orphous alkaloids extracted from 
Veratrum viride (21). Present evidence suggests that its de pre s sor 
activity is destroyed by saponification, that a highly potent 
neogermi trine-like allcaloid v;hich may account for as much as 50 per 
cent of its total activity, and protoveratrine, which accounts for 
at most 5 per cent of total activity, are present. The relatively 
impotent alkarnines rubijervine and isorubijervine which were present 
in the original Veriloid standard reference powder to the extent of 
25 per cent. (21 ), are not present in the existing clinical material. 
(2) Pharmacology 
The outstanding pharmacologic effects of veratrum compounds 
are the production of hypotension (1), 21, 25), and bradycardia 
(7, 12). Cross-circulation studies on dogs have sho,.m the hypo-
tensive action to be of central origin (24). Positive inotropic 
2. 
effect on the isolated and in situ m~~ali~~ heart by Veriloid (20) 
and pure alkaloids (7), has been demonstrated. 
Other effects include emesis and mild bronchoconstriction. The 
former has been reported to be of central origin (23), while the 
latter was attributed to a co.mbination of non-cholinergic local 
constriction and depression of central respiratory drive (15)· 
Acute (22) and chronic (5) toxicity studies on these. compounds 
are also available. 
c. The Movements of Intestine: 
The smooth muscle of the isolated rabbit intestine displays 
rhythmical segmental activity (pendular movements) and tonus changes. 
The intact intestine of the trained unanesthetized dog presents the 
phenomenon of peristalsis in addition to the movements above. The 
activity of both intact and isolated intestine is affected in a 
qualitatively similar fashion t hrough autonomic innervation or by the 
administration of pharmacologic agents. 
( 1) The Pendular Movements 
These are the most prominent type of movement seen in the empty 
intestine, both intact and .excised. They consist of rhythmical con-
tractions chiefly of t he longitudinal muscle. In the rabbit ileum, 
their incidence per unit time may be as lov; as 10 per minute (2). 
This activity usually serves to sway the intestine to and fro and 
side to side, churning , the contents 1trithout propulsion. It is 
an index of the excitability of the intestine. The rhythm an.d 
amplitude may be altered by temperature change and by autonomic 
drugs in vivo and/or in vitro. The rate of these movements decreases 
3. 
as pne proceeds caudally, reflecting the 11 gradient of irri tabili ty 11 
described by Alvarez (2). 
(2) Tonus 
Increases and/or decreases in tone reflecting a change in the 
resting length· of the intestine, likewise are an index of irritability 
of the intestine in vivo and in vitro. These changes occur in both 
isolated and intact intestine when ei~her the ganglia, parasympathetic 
or sympathetic terminations, or muscle cells are stimulated by appro-
priate pharmacologic agents. Tonus increase culminates in spastic 
rings, bands and chords of both long/itudinal and circrular musculature. 
Relaxation in tone causes flaccidity and suppression first of peris-
talsis and then of pendular movements. 
(3) Peristalsis 
Peristaltic waves are iiaves of contraction preceded by a wave 
of relaxation moving caudally. They are deep contraction rings or 
bands chiefly of the circular muscles, which form and relax rhythmically I 
in a descending direction, generally traveling for some distance, 
propelling the contents before them. This constitutes a very important 
difference from the pendular movements. At the height of the peris-
tal tic rush, hoiiever, pendular excursions tend to be diminished by 
the rigidity of the contracted intestine; afte r the wave passes, 
the pendular mov•$ments may be temporarily sus pended. · The contractions 
resume gradually with i ncreasing intensity until another peristaltic 
rush is initiated. Such activity occurs in the excised intestine 
as \iell as in the living animal provided the proper stimulus is 
present. This stimulus is ~lrnished most simply by distention of 
4. 
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the intestinal lumen \'lith moderate pressure. 
In our studies, ;-;e \'!ere interested mainly i n the se gmental act-
ivity and tonus change of both the i ntact and isolated preparations. 
Peristalsis may be studied in the intact pre paration by utilizing 
balloons set in tande:o:n \·J"hich pl· ogress.ivezy re c ord t he vfave. The Ma gnus 
method minimizes, if not precludes, t he pos s ibility o~ any peristaltic 
activity occuring , since one is dealing with se gments · Hhich are to o 
s h ort to permit initiation of perista ltic activity. Furthermore, the 
activity of' the cir cular muscles is quite negli£7 i b l e (see under Method). 
(4) Factors Influencing Intestinal Activity in Vivo and in Vitro 
a. Automaticity 
The observation of t he v arious types o': intestinal moveme nts 
tends at :'irst to create the impres s ion of com plexity, but from this 
nebulous condition, a certain orderlines s be co!Iles apparent in the 
re gularity of rhytbrn and t he gr aded polarity of' the small intestine. 
The occurrence of' t hese co-ordinate phenomena, in excised as ~vell 
a s in t he i ntact organ, sugge s ts t.~at t he y are autonomic and do not 
depend upon the central nervous system. The excised intestinal 
se gment, although free of central connections, maintains a rhythmic 
integrity. The enteric plexuses of Heissner a_'Y).d Auerbach were at one 
time considered to be the re gulators of' rhythmicity. This apparently 
was con:'irmed by t he initial e x periments o7: l<iagnus (10), \·/herein 
the rhyth.l'IJiC movements \vere abolished vJhen the enteric plexuses 
were stripped away. Subsequently, both Ma gnus (11) and Alvare z (5) 
sho·,.,.e d that the los s o7: rhythmi c ity ·:tas merely the result of traumatic 
injury which depre s sed mus cle t onus and irritability below t he 
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threshold re quired :'or rhythmicity. ';lith careful tecr..nique in ex-
tirpating these plexuses, the intestine retains the basic rhythmicity 
although t he sensitivity to pharmacologic agents is decreased and its 
activity is atypical in comparison to intact preparations. Therefore, 
the myogenic element of intestinal rhythmicity rrn.l.st be taken into 
accoQ~t. The current trend o:' thought on this argument appears to 
favor the theory that although the relation of rhyth;nicity to tonus 
and irritability does not require central nervous system linkage, 
the integrity of the iQ~envation assists by maintaining the excitability 
and tonus of the muscle at a higher level (1). 
b . Exogenous Influence on Rhytr~icity 
Pharmacologic agents which act upon the autonomic nervous system 
or which have a direct muscle e:'fect, may act upon the excised as 
well as the intact organ. Similarly, the effects of agents u pon the 
gut may be blocked by use of appropriate drugs; the quarternary am-
monium compounds may block effects at the ganglia; t he belladonna 
group exerts its action on the parasympathetic terminations; and the 
adrenergic-blocking drugs, on the sy~pathetic t erminations. Therefore, 
by apprepriate choice of blocking drugs, one may inhibit the effects 
of an agent acting either to depress or to stimulate intestinal 
activity and determine the mechanism of action of such a d'rug. 
Variables which alter activity of intact and isolated intestine 
have to be carefully avoided. Electrolyte imbalance causes marked 
alterations in the activity of isolated strips (19); excess magnesium 
ion depresses activity, whi le deficiency in bicarbonate ion markedly 
impairs normal rhythm. Excess acidity of the solvent in which 
6. 
veratrum compounds are d i sso i.ved likewise depresses in vitro intestinal 
activity (19)· De~icient oxyt;enation and deYiation :'rom physiologic tem 
perature (38° c.) can contribute to ' irregu l ar rhythm and u nexpected 
tonus change (1 ). Excitement andjor restlessness in the unanesthetized 
do,::; may cause depression of intestinal motility p:c obably through 
release o~ e pine pr.rine by the adrenal medu l la, i'rhereas undue abdominal 
tension produces a n exogenous increase i n intestinal tone. 
D. Methods : 
(1) In~ Studies on Rabbit Intestine 
a. The Magnus Method 
A biolog ic method wide l y used to evaluate pharmacologic agents 
is the em r:loyment of strips o::' intestine; l-1agnus in 1904 (9) ~irst 
described t h is techn ique. The intestine i s excised from t he rabbit, 
placed in a bath containing ,,,rarm aerated Locke 1 s s olution, and at t ached 
to a recording lever. Such preparations exhi bited excellent r hythmical 
activity for considerable periods o:' time. This method a~forded the 
investigator a simplified me~~s of studying the dyhamics of smooth 
muscle, the ef~ects of.' exogenous and/or end.ogenous c hemical substances, 
and the i ": t errelationship of its autonomic innervat ion. Its si!nplici ty 
was particularly attractive ~or this study, as only qualitative effects 
were to be s t udied _E.£ tem. The small inte stine of the rabbit is best 
sui ted ~or t his ':fork because it posss sses excelle n t surviva l pro perties 
and is readily availab le. It exhibits a minimum o.': co~using t onus 
\-Taves 1-Thich may be present in the intestinal activity o::' l arge r 
a..'Yl.imals. The ma in disadvantage of this preparation is that it only 
presents :;-, partial picture of intestinal movements , i.e., the stimulus 
?. 
o:f distention is lacking and the circular muscles contribute li t tle 
to the record; however , the direction o:: response is the sa.'Ile (1 9 )· 
In our procedure, a mod i::'ied Magnu s apparatus ivas ad o pted. :i'Jiale 
albino rabbits, rang ing in 1·1eight from 1.8 to ).6 k g . were s a crificed 
by means o.:' a sudden blo\v over the occi pital re gion of the skull. 
Ileal and/or jej unal sect ions v-;ere then excised , thoroughly cleansed, 
divided into se gments 2-) em. in leng th, and placed in refrigerated 
Tyrode solution until used. 
The perfusion apparatus consisted of a 75 ml. muscle bath surround-
e d by a constant temperature vrater reservoir (38 ± Q. 50 c.). The 
water in the reservoir •,;as circulated continually by a rotary mixer 
and tfue temperature maintained by a bimet a llic thermostat regulating 
a 125 v1att heatin,g element. A g lass aeration tube (F igure 1), so bent 
as to permit the use of tv10 stri ps o::' intestine :'rom different 
rab b it s at the same time in a muscle bath, was utilized . ~,he physi c -
log ic solution employed f or all experiments 1;1as Tyrode 2 (19)• It 
vras definitely advantageous t o e mp loy thi s s olution for the muscle 
bath in lieu of the classic Lbcke 1 s or the modified Sollman-Raedemaker 
because the addition of magnes ium ion to the solution, although tending 
to depress t he initial excitability of the muscle, prevents rapid 
2- The Tyrode solution h ad the fo llovting per liter compos ition: Sod ium 
chloride 8 .0 gm (0.8%); sodium bicarbonate 1.0 gm (O.l )s); potas s ium 
chloride Q.2 ~n (0.02%); c a lcium chloride 0.1 gm (O.Ol%); magnesium 
chloride Q.l g;rn (O.l:'b); sodium biphos phate 0.05 gm (0. 005%); g lucose 1.0 
gm (0·1%); and d i s tilled water q .s. ad 1000 ml. A stock concent rate of 
Tyrode 1 s \'/as prepared omitting the sodium b icarbonate and the glucose. 
This procedure eliminated possibility o~ ferme ~tation of the g luc ose or 
preci pitation of calcium carbonate oc curring in the fini shed s olution 
left at room temperature. Appropr iate amounts of' glucose, bicarb onate 
a...11.d concentrate, diluted t o v o lume ',v ith distilled 'Hater were added as 
needed ::'or each day 1 s experiment. 
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fatigue (19)· Reserve Tyrode solution vras \-tarmed by the same water 
reservomr. Medicinal oxygen was bubbled through the test bath 
constantly. Intestinal contractions were recorded on Teledeltos paper 
( ~/estern Union Telegraph Company) by modified heart levers attached to 
the strips. Levers were so weighted as to maintain a tension of 
approximately 2.0 gm. on the strips. The kymograph speed was adjusted 
to permit adequate accuracy in the measurement of change in the rate 
of contraction. Time interval \'las recorded by a Telechron timer 
directly on the tracing . 
b. Preparation of Veratrum Drug Solutions 
Veratrum derivatives are quite insoluble in distilled water but 
readily sol'!Able ih dil]:-lte acid a.hd organic solvents ( 7, 21 ). The 
exact concentration of acid required to effect solution varies with 
the individual derivative. Therefore, it was desirable to achieve an 
optimum concentration with a minimum of deviation from physiologic pH. 
The stock drug solutions were prepared using 2. 0 ml. absolute alcohol, 
2.0 ml. propylene glycol, and 0.5- 1.0 ml. glacial acetic acid per 
10 mg. drug. Physiologic salt solution was then added to form appro-
priate dilutions. 
c. Procedure for Single Dose Experiments 
Control tracings were obtained after allo\'ling the strips to 
attain a normal level of tone and se gmental activity. Preliminary 
sol vent controls 1rere performed to ascertain the pharmacologic impott:mce 
of the solvent. The drug as a stock solution was then instilled into 
the test bath e quidistant between the tv1o strips Nith a hypodermic 
syringe. This technique aided the mixing \·rhich r e sulted from 
9. 
10. 
aeration, and avoided unequal initial response. Variability in the 
magnitude of response of strips from different rabbits (biologic 
variation), necessitated pilot experiments be conducted for each agent 
to determine the approx~mate concentration at t'lhich stripe demonstrated 
visible drug effect. Subsequently, four to six graded . concentrations 
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of each compound, bracketing the minimal effective concentration 
were chosen. Inte stinal strips from each of at least ten rabbits were 
exposed to each concentration. A single strip was exposed to only one 
concentration, but strips from each rabbit were e xposed to e ach con-
centration. 
l. Evaluation of Results 
Responsreof the strips to the t est drugs were recorded as either 
positive or negative. A positive response 1-1as either an increase in the 
height of segmental activity, an increase in tone, or both. These 
discrete changes in the rhythmic activit~r of the strips were easily 
defined .,;hen compared to the control record of the s ame strip. Rate 
was counted directly from the t r acing. 
The resultant data for each agent, of incidence of spasm at each 
of four to six concentrations -v1ere analyzed by the method of 
Litchfield and ~lilcoxon (8). The effective dose 50 ( ~D50 ) vms cal-
culated for each veratrum derivative te sted. These ED50 doses v1ere 
studied for possible interre lationship with the hypotensive potency of 
each test drug. 
3 - The minimal effective concentration as herein used signifies that dose 
which jvst elicits a response in strips from each rabbit. 
d. Determination of Locus of Action 
Since the eff ect of ver atrum derivatives on the isolated intestine 
of the rabbit is s pasmogenesis, five possible sites of action are 
sugge sted: 
1) Stimulation of the parasympathetic ganglia 
2 ) Inhibiti on of cholinesterase at the myo-neural junction 
3) An ac et yl-choline (Ach-l~ce) effect 
4) Inhibition of sympathetic myo-neural transmission 
5) Direct stimulation of the muscle 
By i nitially blocking the parasympthetic system \vith atropine, 
the first four sites may be eli~inated if t he spasmogenic ef~ects of 
the test drugs are not blocked by atropine. Therefore the follov1ing 
routi~e was devised: 
1) Control tracing 
2) 0.05 mg. per liter bath Ach 
) ) ;'lash: repeat control .tr.aCipg 
4) 1.0 mg . pe r lite r bath atro pine sulfate 
5) 0.05 mg. per liter Ach to test ade quacy o~ atropine blockade 
6) 1 mg. per liter bath Veriloid or 0.066 mg. per liter germerine 
or 0.27 mg. per liter bath cevadine 
These doses r epresent 175 , 70, and )4 times the respective ED50 
spasmogenic doses. Harked spaE!m of t he strips was produced by these 
soses, although the spasm waa not maximal. The 1 mg . per liter ddse 
of' atropine adequat;el;}r blocked the ef'fects · of the t ·est dose of Ach: 
·without caus·ing- s evere atonia of the . gut as was occas/ i onally seen 
with higher doses of atropine. 
11. 
e. Effects of Other Drugs 
The effects of Ach and epinephrine on the response of the isolated 
gut to Veriloid and vice versa were determined. The drug concentrations 
used in this experiment were: 
1) Veriloid - 1 mg p,er.li ter bath 
2) Epinephrine- a maximum relaxing dose (0.27-0·5 ,mg. per liter 
bath) 
3) Ach- 0.05 mg. per liter bath 
'fhe response to Veriloid v1hile the strips were at a maximum 
r e laxation due to epinephrine was noted. Likewise, Veriloid was added 
to t he muscle bath l'lhile the strips were at a peak response to a test 
dose of Ach. Jonversely, the effects 'of e pinephrine and tch 1'/ere 
determined by adding these agents to the bath l'vhen the reak r e sponse 
to Veriloid was noted in the test strips. 
(2) In Vivo Studies on Trained Unanesthetized Dogs. 
a. Preparation, Surgery (14), and Training 
Three female mongrel dogs were chosen at random from the animal 
stock. r'iale dogs proved useless for this type of preparation because 
fluid from the intestinal loops would cause irritation and excoriation 
of the external genitalia. The dogs weighed approximately 15, 18, 
and 21 kg. at the time of selection. The animals were exe r cised 
daily and fed once daily. 'The diet consisted of a balanced diet of dog 
pellets (Ralston Purina Co.) and one-half pound meat daily for two 
weeks. Prior to surgery, the dogs vrere bathed, and the abdomen 
shaved and scrubbed. 
Anesthesia was induced with pentobarbital sodium (USP) )0 mg . 
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per kg. intravenously. Additipnal ane s thesia was administeted as 
needed during the operation in 5 per cent. glucose solution which '"'as 
infused constantly during surgery. The peritoneal cavity was entered 
through a mid-line incision extending from be low the xyphoid to the 
pubis. A section of ileum 50 em. in length was selected, approximately 
70 em. above the ileo-cecal valve, and divorced by section from the 
intestinal continuity retaining its mesentery, nerve , and vascular 
supply intact. The ends of this se gment were exteriorized through 
t vro stab wounds ad jacent to t he midline incision aild sutured securely 
to the fascia of the e xterior oblique muscle s. This formed the classic 
Thiry-Yella fistula (14). Next, the meso-appendix was divided and the 
a ppendix brought through a third stab ;-round in the l0\1er right quadrant 
and sutured to the superficial muscle fascia. The exteriorized tip 
of the appendix was cut off on the 4th - 6th post-operative day aiJ.d 
the fistula thus produced formed a cecostomy. Finally, to reestablish 
the continuity of the ileum, a side-to-side anastomosis was performed 
at a po j_nt 20 em. caudal to the cut d istal ileal segment. This allowed 
the fr ee end of the distal portion to be pul led through a four~h 
stab v,round (left up per quadrant) att ached to the abdominal wall, and 
forme d an ileostomy (Figure 2). 
The post-operative treatment consisted of daily injections of 
100,000 u. penicillin intramuscularly and 5 per cent. glucose or. of 
whole blood intravenously; mi lk aiJ.d light f ood were presented to the 
animals on the second or third post-operative day, and normal feeding 
was usually reestablished b ~ the tenth post-oper ative day. 
The training period began about 3 weeks post-operatively and 
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consisted of allowing the animal to become accustomed to lying quietly 
on its right side on a. foam rubber cushion in a. quiet room. Latex 
balloons att~:tched to soft rubber catheters (French 10), ,,rere then in-
serted gently into the loops and recordings made £'nom a multiple bromo-
form manometer on Teledeltos paper (Figure 5)· 
1) Procedure for Intravenous Administration of Test Drugs 
Cont.rol tracings <.vere taken for a period of )0 minutes to an hour. 
Thereupon, one of a series of grade d doses of Veriloid ~·ras infused 
intravenously over a per:i.o;d of ten minutes. The doses included 5, 10, 
15, and 20 microgm. per kg. in a volume of 10 ml. of physiologic 
salt solut ion. A 20 to )0 minute recor d was t hen observed follm·ling 
drug administration. 
2) Procedure f or Intraloop Drug Administration. 
Follmving an adequate control trac ing , a control dose of 5 to 10 
ml. of a 'tlarm solution of o.ol per cent g lacial acetic acid in phys-
iologic saline was introduced via catheter into either the ileo-
stomy or Thiry-Vella. fistula posterior to the Balloon.. After 10 to 
15 minutes , the test drug \vas instilled at the same site as the control 
at the a ppropriate concent r ation. An hour of record follm·ting drug 
instillation ~.,ras taken to ascerta in any pharmacolog ic effect . 
5) Evaluation of Results 
The di.::..,ficul ties in attempting to ·assess. positive res ponses to a. 
pharmacologic agent by the intact intestine are many. Small qualitative 
res ponses are concealed in the variability of intestinal motility. 
Increase in tone, hmiever, could be noted and this v:a.s the main criter-
ion of effect . Similarly, emesis '.'la s regarded as an end point in certain 
14. 
experiments \~herein increased dose cause d emesis without appreciable 
local gut eff ect. 
15 . 
PART II - RESULTS 
A. Ef~ects of Veriloid and Pure Alkaloids on Isolated Rabbit 
Intestine: 
(1) Single Dose Ef~ects 
The general effects of both Veriloid and the pure alkaloids may be 
discussed under a single heading because they are qualit atively similar. 
The predominant effect seen in initial experiments using concentrations 
up to 10 tilg• per liter bath \'las marked and i lillnediate increase in tone. 
(Figure 4b) This appeared to be related to the bath concentration· 
in the dose r~~ge tested. As the bath concentration was lowered to the 
vicinity of the minimal effective dose, the response was mainly an 
increase in tlle height of segmental activity. (Figure 5a & 4c ). The· 
segmental rate remained constant t hroughout. No other response to these 
agents iias evident even at subthreshold doses. Effective doses of these 
agents always caused stimulation of rabbit intestine. ED50 doses with 
95 per cent. confidence limits for all compounds studied are presented 
in Table 2. 
No dif~iculty was encountered with the solvents involved for the 
ester alkaloids. Faulty electrolyte balance of t he test bath or poor 
oxygenation >.,rere rarely encountered in the course o£' the experiments. 
Such conditions, when occurring, i·rere rather easily discernible, and 
proper steps were t aken to remedy the condition. (Figure 4d, e, and g). 
The study of the pure alkamines jervine and vertramine had been abandons 
because excessive solvent acidity (pH 5· 5) caused marked depression of 
intestinal activity (Figure 4~ ). Buffering systems added to the solvent 
failed to eliminate this diff iculty. 
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(?) The Locus of: Spasmogenic Action 
Atropine did not prevent s pasmogenesis in the isolated rabbit 
intestine initiated by Veriloid, germerine, or cevadine tested in 24 
rabbits, (Figure 5b). In all cases, the dose of atropine was sufficient 
to produce complete blockade of a test dose of: Ach. Conversely, in 10 
rabbits, Veriloid given prior to atro pine did not interfere with atropir.e 
blockade of Ach (Figure 6a). 
(3 )T.achy:phylaxis 
Repeat ed applications of 0. 006 to 1.0 mg. per liter bath Veriloid, 
despite thorough vmshing between <doses., produced progressively diminish-
ed spasm (Tachyphylaxis)· This tachyphylactic phenomenon appeared to 
be relieved by time. (Table 3) If: up to an hour was allowed to elapse 
betwe en doses of Veriloid, re covery occurred to the extent that the 
response to a second dose was approximately 23 per cent . of the initial 
response. (Figure 7a) This time factor was shorter for the pure 
alkaloids. 75 per cent of all strips tested displayed a response 
approximately equal to the control a-fter 30 minutes had elapsed between 
doses. (Figure 8) The doses of the test dirugs employed for this part-
icular study ranged from 1 to 175 times the calculated ED 50 dose. 
(Table 2) 
(4) Effects of Other Drugs on the Response of the lliolated Rabbit 
Intestine to Veriloid 
The effects of Ach. ~~d e pinephrine when given at the peru~ spasmo-
genic res ponse to Veriloid, and of Veriloid vrhen given at the peak 
response to Ach. and epinephrine, were studied on strips from 10 
rabbits. The maximal Veriloid spasm could be augmented in all cases by 
17. 
administration of Ach. at the summit of this response. (Figure 6b) The 
same was true for Veriloid when given during the response to Ach (Figure 
6c) Epinephrine ahrays markedly relaxed the intestine 1.,rhen it >'las at 
the peak of a spasm due to Veriloid. (Figure 6e) Similarly, Veriloid 
caused marked spasm in a strip relaxed by epinephrine. (Figure 6d) 
B. 'rhe Effects of Veriloid on the Intact Intestine of the Trained, 
Unanesthetized Dog: 
(1) Intravenous Injection 
No local intestinal stimulation attributable to Veriloid was seen 
prior to emesis. Emesis in all ) dogs occurred at a dose of 2.0 
microgm. per leg. per minute for 10 minutes, which was within the 95 
per cent confidence limits of the intravenous ED50 emetic dose (2)). 
(2) Intraloop Ad~inistration of Veriloid 
Graded doses of Veriloid up to 40 microgm. per kg. instilled in 
either the ileostomy or the Thiry-Vella fistula produced no visible 
alteration of t he normal control record in the ) dogs tested. (Figure 9) 
DISCUSSION 
The results of this study corroborate the rather meager literature 
(4, 6, and 16) - qualitatively at least - concerning the effects of 
veratrum on isolated intestine. Effective doses of such compounds 
always produce either an increase in the height of segmental activity 
in the intestinal strip, an increase in tone, or both. 
The calculated ED50 doses (Table 2) for the pure alkaloids bring 
out quantitative differenc~ in their spasmogenic potency. This differ-
ence roughly parallels the hypotensive potency (Table J+); however, the 
twoexhibit no a pparent mathematical relationship. The spasmogenic 
18. 
be 
potency of germerine, veratridine, and cevadine appeared to greater 
A 
than their hypotensive potency; the reverse was true for protoveratrine 
and germidine. 
Backman ( 4) \'/as unable to prevent spasmogenic ef.:'ects of Veratrine 
chloride on. isolated rabbit intestine ;-.rith 11 normal 11 doses of atropine, 
whereas 11 extensive 11 atropinization (several mg . in an 80 ml. bath) did 
depress the response. The criteria of 11 normal 11 and 11 extensive 11 atropini 
zat ion are important here. Extensive atro pinization will not only 
b lock at the parasympathetic nerve endings, but will also depress the 
intestinal musculature directly, causing a marked di.ninution of normal 
activity. The dose of atropine finally chosen for thisstudy produced 
adequate parasympathetic blockade without excess muscle depression. 
Since the spasmogenic effec ts of veratrum could not be blocked by 
atropine, it is apparent that t he locus of action is directly 
on the muscle. 
Tachyphylaxis to repeated doses of veratrum in isolated rabbit 
inteatine has been reported by Okazaki (16), and \"Jas ascribed to a 
11 poisoning11 of the muscle. Krayer (7) r eported t achyphylaXis in circu-
latory effects vthen using high doses of pure alkaloids in heart-lung 
preparations. However, Maison et al. (13) observed no significant 
change in the hypotensive response to repeated doses near the clinical 
level in the anesthetized dog . 
In this study, marked t achyppy1axis to all veratrum derivatives 
,,'/as observed in doses ranging from 1 to 175 times the calculated ED50 
spasmogenic dose. That it was a true tachy phylactic phenomenon and not 
a poisoning was proved by challenging the strips with a known dose of 
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Ach before and after the veratrum was given. No diminution of the 
response to Ach was ever seen, calthough the strip was tachyphylactic 
to veratrum. 
Inspection of the size of the ED50 dose reveals the marked 
sensitivity of rabbit intestine to veratrum. The ED50 intestinal 
spasmogenic dose for Veriloid was 5.7 microgm. per liter bath , whereas 
demonstrable effects (positive inotropism) in the isolated heart 
preparation were seen at dosage levels of 26 microgm. per liter of 
perfusate.(20). The comparative sensitivity of other smooth muscle 
organs such as ureter , seminal vesicle or guinea pig ileum to veratrmn 
remains to be investigated . Such marked sensitivity may perhaps prove 
useful clinically in the detection of minute amounts of veratrum cir-
culating in the body fluid of patients. 
Whether spasmogenic effects are within the scope of clinical 
dosage is diff icult to deterrrdne , since the distribution of veratrma 
in the animal body is unknown. Assuming an ideal equal distribution , 
a theoretical blood titer for Veriloid may be calculated. If 9 per 
cent. of the total body weight were blood (17) , a clinical dosage of 
1 microgm. per kilogram per minute for ten winutes would produce 
a circulating titer of 10 microgm. per lite~ blood; this is far 
greater than the calculated ED50 spasmogenic dose for isolated rabbit 
intestine. However, the probability of such a blood level producing 
discrete stimulation of the intact intestine is remote . Intravenous 
administration of a 2X clinical dose to trained , unanesthetized dogs 
has elicited emesis without prior local intestinal stimulation. 
The failure of Veriloid in high dose to cause local stimulatory 
20. 
effects on the gut when administered int ravenously or intralopp has 
several possible explanations. In the former case, the t"b..reshold of 
the emetic eenter \'laB r eached; whether the intact intestine \•rould 
demonstrate visible local effects at higher dosage, remains unanswered. 
In the latter instance, poor absorption or ·l oss of drug from the 
Thiry-Vella loop and passage of the drug i nto the cecum v1hen instilled 
into the ileostomy, may explain the lack of gut r e sponse as well 
as the inordinately high emetic t hreshold. In normal animals, the 
emetic dose is the same by oral and intravenous routes (2?)• Thus, 
if adequate absorption had occurred, emesis would have resulted at the 
higher dose range. The answer may lie in administering the liquid drug 
orally in capsules and allovring absorption to oc cur in the duodenum 
\'lhile rhythmic changes are recorded from the ileostomy. Such in-
vestigation is no\'l in progress. 
(1) Veriloid and pure veratrum alkaloids cause st i mulat ion of' 
is olated r abbit intestine. Doses in the range of the ED50 produced 
mainly an increase in the hei ght of se gmental activity. Increase in to e, 
although s ometime s seen at the minimal effective dose range, was 
primarily a phenomenon of hi ghe r dosage. 
(2) The ED50 for gut spasm of the following compounds has been 
measured: Ver iloid, germe rine, protoveratrine, germid ine, ver atridine, 
and cevadine . 
a. Graded doses of Veriloid adminis te red intravenously to the 
trained unanesthet i zed dog produced no local intestinal stimulation 
21. 
prior to emesis. 
b. Intraloop administration of Veriloid in dose s up t o 4C 
microgm. per kg. c aused no alteration of normal control tracings. 
(4 ) The locus of spasmogenic action of t hese agents on the 
isolated rabbit inte stine ap pears to be directly upon the muscle. 
(5) Tachy phylaxis to veratrum compounds has bee n demonstrated; 
this has been sho\•m to qe relieved by washihg and passage of time . 
( 6) The spa smogenic potency o-:: these agents bears no apparent 
relationship to t he hypotensive potency . 
22. 
TABLE l * 
Hydrolysis Reactions of Ester Alkaloids 
Alkaloid** Alkamine Organic Acid 
1) Germerine + H20 Protoveratridine + Methyl ethyl glycolic 
~ H20 
Germine + Methyl acetic 
2) Proroveratrine + 2H2o - Protove r ine + Methyl ethyl aceti.c Acetic 
Me thyl ethyl glycolic 
3) Germidine · Acetic 
Methyl butyric 
4) Veratridine + H20 _____,. Cevine + Veratric 
+ 
Tiglic ) isomeric 
Angelic ) mixture 
5) Cevadine 
*-From Krayer, o. and Acheson, G.H.; Physiol . Reviews, 26:383, 1946 
~~- The substances utilized were kindly provided by the following sources: 
Eli Lilly and Company, Indiana: Protoveratrine 
Riker Laboratories, Los Angeles California: Veriloid and Veratridine 
and Cevadine 
Squibb Institute for Medical Research; New Brunswick New Jersey: 
Germerine and Germidine. 
U.S. Dept . of Agriculture , Bureau of Entomology, Beltsville, Md. 
( S.J. Ringel ) Cevadine . 
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Figure 1 
The muscle bath, showing the bent aeration tube with two intestinal 
strips in place. 
• 
I 
-~· ·-~ 
- , 
':-_ ~ 
II 
I I 
I I 
II 
: _, - , 
- I ~~ 
FIGURE 1. 
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r,igure 2 
Abdomen of a Loop dog • 
a. Proximal end, Thiry-Vella fistula 
b. Distal end, Thiry-Vella fistula 
c. Ileostomy 
d. Cecostomy 
• 
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Figure 3 
The Multiple Bromoform 
Hanometer 
• 
• 
FIGURE 3 
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Figure 4 
A. Normal tracing 
B. At V, 5.0 mg. per liter bath Veriloid 
C. At V, 6.2 microgm. per liter bath Veriloid 
D. At M, 250 mg. per liter bath l1gC12 
E. Tracing showing the effect of poor oxygenation 
F. At S, 0.5 ml. solution of glacial acetic acid, propylene 
glycol, absolute alcohol and physiologic saline (pH 5.5) 
used as solvent for jervine. 
G. Left- Effects of bicarbonate ion deficiency 
Right- bicarbonate ion balance restored 
• 
• 
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TRACINGS - ISOLATED RABBIT INTESTINE 
Figure 5 
A. At C, 8.0 microgm. per liter bath cevadine 
B. At A, 1.0 n~.per liter bath atropine sulfate 
At Ach , 0.05 mg. per liter bath Ach 
At C, 0.27 mg. per liter bath cevadine 
• 
28 . 
=lb~---==-=-~-=-,~---=-================~-~--~-=======r~-==-~­o-=-==-
r 
A. 
B. 
, 
CEVADINE - RABBfT GUT 
~,-
j 
8.0 MCG/LITER 
F IGURE 5 
r r r 
A A C 
c 
H 
Calculated ED50 - Veriloid and Ester Alkaloids 
~ Table I 2 
.AGBIIT DOSI lo. Illdbidual , . lo. Stripe GiTiDI Calculated 11)50 with 95% 
Mci/'Liter Rabbit Stripe Poeitin R•pcmee Contidence Lild.te 
Bath Tat eel .:.UU.ter Bath 
VERILOm 4.0 11 1 
5.0 17 8 
(4.b5! 77.1) 7.5 14 10 
10~0 14 14 
GBRIIIRIRE 0.5 12 
.3 
1.0 14 6 0.94 
1.7 12 .9 (O.b5 - 1.4) 
.3.0 12 10 
PBOTOVIRATRIRB 2.4 12 4 
.3.0 14 10 2.7 5.0 10 9 (2.2 - 3.:3) 6.0 8 8 
GEIDIIDIRE 2.5 12 4 
.3.2 14 11 2.8 5.0 14 12 (2.3 - 3.4) 6 • .3 8 8 
VIRATRmiRE 
.3.8 10 3 4.8 11 6 6.0 11 8 4.7 7.5 10 9 (4.1 - 5.4) 10.0 10 10 
CEVADINE 6 • .3 10 2 8.0 10 6 7.8 
~ 10.0 10 7 (b.7 - 9.0). 16.0 10 9 
TABLE 2 
Figure 6 
A. At V, 1.0 mg. per liter bath Veriloid 
At A, 1 . 0 mg. per liter bath Atropine sulfate 
At Ach, 0.05 mg. per liter bath Ach 
B. At V, 1.0 mg. per liter bath Veriloid 
At Ach, 0.05 mg. per liter bath Ach 
c. At Ach, 0.05 mg. per liter bath Ach 
At V, 1.0 mg. per liter bath Veriloid 
D. At E, 0.5 mg. per liter bat h epinephrine 
At V, 1.0 mg.per liter bath Veriloid 
E. Same as Part D. 
• 
• 
30 . 
r A. , 
B. c. 
--- . 
ACHI v 
D. 
F I GURE 6 
TRACINGS - ISOLATED RABBIT INTESTINE 
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Comp~~ative Tachyphylaxis - % Recovery* 
Isolate:i RBbbit Intestine** 
Agent Time - minutes 
2. .ll lQ 60 
Veriloid 0 0 0 23 
Germerine 12 48 92 
Protoveratrine 22 h5 B9 
Gerrridine 15 51 90 
Veratridine 18 47 89 
Cevadine 15 58 91 
~f. Magnitude or initial response = 100%. 
** Each value calculated fro~ data 0!"1 
strips from ten rabbits. 
TABLE 3 
Figure 7 
A. At Vl' 1.0 mg. per liter bath Veriloid 
At W, wash 
At V2, 1.0 mg. per liter bath Veriloid 
•• 
• 
,.. 
VERATRUM TACHYPHYLAXIS 
I 
VERILOID 
. .. - ·. -. 
I 
I A. ., 53 MIN. INTERVAL 
BETWEEN V, ANDV2 
v,r J ) 
FIGURE 7 
Figure .8 
At v1 , 6.27 mg. per liter bath cevadine 
At V2, 0.27 mg. per liter bath cevadine 
At Ach, 0.05 mg. per liter bath Ach 
N-~. The waning of tachyphylaxis to v2 as time progresses. 
• 
VERATRUM TACHYPHYLA'XIS-CEVADINE-
ISOLATED RABBIT GUT 
5 MIN. 30MIN. 
1.5 . MIN1 
- - - - - - - - ... -
v,i 
FIGURE 8 
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Figure 9 
Normal control record - trained , unanesthetized Loop dog 
, , 
CONTROL -LOOP DOG 
r ) 
ILEOSTOMY 
THIRY- VELLA LOOP 
' ' 
• - •. • • J . ••.. 
- · ---- ! 
CECOSTOMY 
FIGURE 9 
Comparative Hypotensive ~ Spasmogenic Potencies 
Agent 
Veriloid 
Germerine 
P:::ootoveratrine 
GeM~idine 
Veratridine 
Cevadine 
Hypotensive PotencY* 
% B.P. Fall in the Anesthetized 
Dog. 
100 
540 
lt35 
2h0 
18 
Spasmogenic PotencY** 
Isolated Rabbit Intestine 
100 
600 
210. 
200 
120 
73 ' 
* - Hypotensive potency of alkaloids subject to error of ± 25%. 
** - Calculated from comparison of the ED50 spasmogenic doses of the alkaloids 
to t~at of Verilolcl (~). . 
TABLE 4 
\..J..l 
V1 
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ABSTRACT 
The aims of this study were: (1) to determine the qualitative e~~ ts 
of Veriloid and pure veratrum alkaloids upon the isolated inte stine of 
the rabbit and the intact intestine of the trained unanesthetized dog, 
~Dd, (2) to determine the locus of such effect. 
A modified Magus apparatus utilizing a constant temperature bath 
and Tyrode solution were employed for the in vitro studies. Strips 
:'rom t\"IO dif:'erent rabbits were exposed at the same time in a 75 ml. 
muscle bath to appropriate concentrations o:' the t est drugs. 
A:'ter preliminary experiments had proved the con~on spasmogenic 
property of' these agents, ti v;as decided to find the ED50 spasmogenic 
dose :'or each compound tested. Intestinal strips \·;ere exposed to 
minimum dilutions o-f: the veratrum drugs, and the response noted as 
either positive or ne gative. The criteria for a positive r esponse 
were either an increase in the height of segmental activity, an in-
crease in tone, or both. At minimal e f fective dosage, the former was t 
more common response, >v hile the latter was mainly a phenomenon of 
higher dosage. ED50 spasmogenic doses of' the pure alkaloids v1ere 
compared to that of' Veriloid (100 per cent) and the resulting ratio 
formed the spasmogenic potency for the particular agent. The spasmo-
genic potency for each agent was compared to its hypotensive potency f'o 
possible relationship and application to a method of as say; none vras 
demonstrable. 
The locus of spasmogenic action \vas determined to be directly 
upon the muscle since the effects of ve1·atrum \tere not altered by atropi e. 
Similarly, Veriloid did not alter atropine blockade o:' acetylcholine 
IV 
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v 
The maximum Veriloid spasm could be augmented in all cases by admin-
istration o~ Ach. at the summit o~ t his response; the same w~s true 
for Veriloid when given in response to Ach . Epinephrine a l l·Jays mark-
edly relaxed the intestine \vhen it \>las at the pe ak of a spasm due to 
Veriloid; similarly, Veriloid caused marked spasm in a strip re lacred 
by epinephrine. 
The tachyphylactic effects of these agents v>~ere studied. Tachy:-
phylaxis of the s t rips to second doses of Veriloid and pure alkaloids 
gradually vmned as time passed , a lthough the per cent res ponse to a 
second dose of Veriloid was still only 2) per cent of the initial 
response after 1 hour vd th thorough ~vashing; ho\'iever , tachyphylaxis to 
pure alkaloids \'las nearly ended after )0 mi nutes. The size of the dose 
used bore no relationship to this phenomenon. 
I 
The marked sensitivity of isola ted rabbit intestine to minute 
amounts of vera trum, may offer an avenue f!O'r the measurement of any 
li 
ii 
amount of this drug circulating in the patient 1 s body fluids . I I 
The study on the intact intestine was made using ) trained, unanes-
thetized female mongrel dogs, each operatively prepared with a Thiry-
Vella fistula, an ileostomy, and a cecostomy. Kymograph tracings \vere 
taken directly via a balloon inserted into the intestinal loops, and 
attached to a multiple bromoform manometer. 
Intravenous Veriloid caused emesis in the dogs at a dose of 20 
microgm. per kg. Emesis occurred without prior intestinal stimulation. 
Intraloop administr ation of Veriloid in doses up to 40 microg;m. 
per kg. (2X oral ED50 emetic dose), produced neither local intestinal 
stimulation nor emesis. This was attributed to poor absorption from 
either the Thiry-Vella loo p, or ileostomy, and no absorption ~rom the 
cecos tomy. 
The e xperiments on t he intact ru1imal a ppear ed to indicate that 
inte stinal spasmogenesis is not within the range o~ clinical intra-
venous dosage. ';lhether oral dosage cause s loca l inte stinal stimulation 
may be ans\'Tered by r ecording intest inal motility in the dog follo\<~ing 
oral admini stration o~ veratrum. 
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